Introduction
A root filling is expected to perpetuate the microbial control achieved by the disinfection protocols and should therefore prevent micro-leakage. Several in vitro leakage models have been designed to evaluate the sealing ability of root filling materials (1) , and the fluid transport model is able to detect the presence of continuous pores connecting both extremities of the root canal (1) (2) (3) (4) . Another property of root filling materials that is of potential importance is their adhesion ability, as demonstrated by numerous studies (5) (6) (7) (8) (9) . This parameter is commonly evaluated by the push-out test and expressed as dislocation resistance values. The justifications as to why the adhesion ability of a root filling material may be relevant to endodontic outcomes are scarce. It has been assumed that occlusal loads could generate separation forces between the filling material and dentine (10) . Furthermore, as the necessary condition for adhesion between two dissimilar materials is their close contact (11) , it can be hypothesized that materials with high adhesive characteristics may also possess good sealing properties because of their intimate contact with dentine.
The question of whether a relationship exists between the outcomes of sealability and adhesion tests has been raised in the field of operative dentistry without a definitive answer (12, 13) . Hitherto, only one study has investigated a hypothetical relationship between the fluid transport and the push-out tests on filled roots (14) . This study revealed a high negative correlation between these two methods, concluding that minimal leakage and high dislocation resistance values coincided. Such dependence would mean that root fillings with higher adhesive properties would also have better sealing ability and that adhesive properties could therefore be considered as a surrogate for sealing ability.
The aim of this study was to investigate whether any relationship exists between the sealing ability and dislocation resistance of a methacrylatebased root filling material as evaluated, respectively, by fluid transport and push-out strength tests. This was achieved by consecutively performing both tests on the same root filled teeth and calculating the coefficient correlating both measurements. The null hypothesis was that fluid transport and dislocation resistance were correlated.
Materials and Methods

Sample size calculation
The G*Power (3.1.3 PC-version) was used to determine the required sample size (15) . A correlation bivariate normal model belonging to the exact family was used for a priori sample size estimation. The input parameters were as follows: two-tailed distribution with correlation ρ H1 = 0.6, correlation ρ H0 = 0, α error probability = 0.05, and power = 0.8. The minimal estimated sample size was found to be 19 with a critical value r = 0.46 as upper limit for accepting the null hypothesis.
Specimen selection and preparation
Sixty-five recently extracted human single-rooted teeth stored into water at room temperature were selected. Mandibular incisors and teeth with a cement-enamel junction to apex distance < 15 mm were excluded. The teeth were radiographed in mesio-distal and bucco-lingual direction to confirm the presence of a single untreated canal. The bucco-lingual and mesio-distal diameters of each root canal were radiographically measured at 7 mm from the apex in order to homogeneously allocate the specimens to the different groups. The teeth were embedded in self-polymerizing acrylic resin except for the apical third and were then decoronated axially at 15 mm from their apex with a diamond-coated disk. For the specimens intended to undergo fluid transport testing, following the canal instrumentation and filling procedures, the junctions between the resin and the root were sealed with cyanoacrylate glue (Permacol, Ede, the Netherlands). Apart from the coronal access and the apical foramen, the root surface uncovered by acrylic resin was covered with two layers of nail varnish. In the fluid transport negative control group, the entire root surface uncovered by acrylic resin was covered with the varnish. Five specimens were filled with a loosely fitting cone without any sealer (fluid transport positive control (n = 5)).
Root canal preparation and obturation
Subsequently, the specimens were placed in humid gauze and sealed in a plastic test tube at 37°C for a week.
Wetting fluid and fluid transport measurements
A previously reported modified fluid transport model (16) was mounted. 
Dislocation resistance by push-out strength testing
Each specimen was sectioned perpendicularly to its long axis with a watercooled, low-speed diamond saw (Isomet 1000 precision saw, Buehler; Lake Bluff, IL, USA) in order to prepare two slices of 1 mm thickness (at 6 and 9 mm from the apex). The thickness of the saw (300 µm) was taken into account during this process. Each slice was marked on its apical surface. 
Results
Fluid transport
The surface tension of the wetting fluid was 16 dynes•cm -2 , the input pressure 50 kPa, and the contact angle of the wetting fluid close to 0. 
Correlation analysis
The correlation analysis between fluid transport and dislocation resistance at the different root levels provided the following Kendall's tau-b coefficients:
τ coronal = 0.139 (p = 0.444) and τ apical = -0.080 (p = 0.658). The scatter plot ( Fig. 2.1 ) illustrates graphically the weak correlation. The dots representing each individual sample did not show any correlation. 
Discussion
In vitro, the dislocation resistance and sealing ability of filling materials have been extensively evaluated (9, 19) . However, little interest has been shown in investigating a relationship between both outcomes.
In the present study, a root filling material with adhesive properties was investigated by means of the fluid transport and the push-out tests and no correlation could be established between them, meaning that the sealing ability of the tested material along the whole root canal was independent of its dislocation resistance at specific levels. The null hypothesis was therefore rejected.
Methacrylate-based sealers are designed to have adhesive properties.
However, the polymerization shrinkage occurring within these materials because of the relatively high configuration factor inside root canals may provoke their detachment from dentine or from the obturation cone (5) . The low concentration of dimethacrylates and the absence of free radicals within the RealSeal cone could also account for its weak bond with the sealer.
Furthermore, the weak adhesion reported between the sealer and dentine could be increased by stress concentrators corresponding to locations whith geometric discontinuity within the material (5) . This could affect the dislocation resistance of the material and lead to the creation of pores within or along the material. Whether these pores would affect the through-andthrough seal is unclear (20). In the context of the present study, the number of canals with through-and-through pores was limited. Furthermore, even though through-and-through pores will affect the fluid transport rate, it is not clear how their presence within the filling material may affect dislocation resistance (8) .
The use of a low surface tension in the fluid transport model increases its sensitivity (16) . This will, however, not overcome the inherent limitations of the model. Most endodontic leakage models, such as the fluid transport, the glucose, bacterial penetration and the capillary flow porometry, can only detect through-and-through pores (1) . These are continuous from one extremity of the root canal to the other one. Any other type of void would result in a "no leakage" reading independently of the overall root canal filling quality. The fluid transport model has therefore a tendency to overestimate the sealing quality of root fillings. Pores with a minimal diameter below the detection limit will also fail to be detected and will result in a zero reading. This is commonly described as the floor effect (20).
A floor effect occurs when measurements are at or close to the lower detection limit of a method. It cannot be known if the zero readings correspond to the absence of through-and-through pores or to through-andthrough pores with a diameter below the detection limit. This potential loss of data could have influenced the correlation coefficient determination in this study. A potential way to overcome this limitation would be to test shorter root sections.
The push-out test gives the dislocation resistance of a material. The forces which resist dislocation are the bond strength of the material to the surrounding substrate as well as frictional forces. The push-out test provides therefore relevant information on the adhesion ability of a material to the surrounding dentine (22). It is, however, influenced by experimental factors (7) and the material properties (8, 9) . In the present study the relationship between fluid transport and push-out tests was investigated at both coronal and apical root levels and no correlation was found. Importantly, the correlation coefficients were calculated for a single experimental group, separately for each root level.
The findings of the present study are in contradiction with those of Neelakantan et al. (14) who found a high negative correlation between dislocation resistance and fluid transport. Differences in methodology such as, the type of sealer and its mode of placement, the appropriate use of control groups and the fluid transport testing fluid, may account for the difference in findings between both studies. Also, the correlation coefficient reported in that study may have been biased because of the lack of homogeneity in the sample. The effects of the experimental intervention on both outcome variables in the different groups may have generated data clustering, leading to a spurious high correlation (absolute value). Such high coefficient may in fact have been caused by the arrangement of the groups rather than by the true relationship between both outcome variables. This type of bias has been previously described by De-Deus et al. (23) , who mentioned the risk of generating noise in correlation analysis when using more than one experimental group.
Even though the fluid transport model is considered as non-destructive, it is known from previous leakage studies that the root canal seal could be modified over time. This phenomenon is generally attributed to water sorption [24]. It is not clear whether water sorption takes place because of the moisture left within the root canal after filling or because of the liquid compressed within the root canal filling pores during fluid transport testing.
The use of a control group for the push-out test in the present study can therefore be considered as an attempt to control that the fluid transport did not significantly alter the dislocation resistance of the filling material.
Whilst the fluid transport and push-out tests may provide pertinent information, respectively about the sealing ability and dislocation resistance of root canal filling materials, the fact that no relationship could be demonstrated between both methods does not per se mean that no relationship exists between adhesion and sealing ability, but only that the results of these two methods do not correlate. Future studies should aim to assess whether such correlation could be detected with other materials as well as on shorter root sections.
ability and dislocation resistance of a methacrylate-based root canal filling.
Under the conditions of the present study, the sealing ability of the tested material was independent of its adhesive properties as indicated by its dislocation resistance.
